To evaluate whether changes in attack rates of faecal-orally transmitted diseases among travellers are related to changes in pre-travel vaccination practices or better hygienic standards at travel destination.
Introduction
In industrialized countries, the incidence of faecal-orally transmitted infections, such as hepatitis A, typhoid fever, and shigellosis, has declined substantially. [1] [2] [3] [4] Currently, most cases in these countries arise from travel to non-industrialized countries. 2 A few studies have addressed trends in hepatitis A or typhoid fever among international travellers, finding that, over the past decades, their risk of acquiring hepatitis A or typhoid fever has decreased. [5] [6] [7] This decline is often attributed to pre-travel vaccination and improvements in hygienic and sanitary conditions at travel destinations. However, their absolute or relative contributions are unknown, given the lack of studies on the influence of hygienic factors on the incidence of faecal-orally transmitted diseases. This study analyzes region-specific trends in attack rates of hepatitis A, typhoid fever, and shigellosis among Dutch travellers, combining Dutch travellers' statistics with information from the national infectious diseases notification system. All three diseases are transmitted through faecally contaminated water or food. Hepatitis A virus (HAV) infection causes an acute viral liver disease and confers lifelong immunity. It is a common childhood disease in developing countries, but the prevalence of hepatitis A antibodies is low in developed regions. 1, 8 In the Netherlands, an inactivated HAV vaccine is available for risk groups, such as travellers, and is almost 100% effective. 9 Typhoid fever is a bacterial systemic infection caused by Salmonella enterica serotype Typhi. 3, 10 Immunity following infection is limited and can be overcome. 9 Two parenteral capsular polysaccharide vaccines are available in the Netherlands, and studies report their efficacy at 35 to 70%. 11 Shigellosis is a bacterial enteric disease, caused by one of the four serogroups of Shigella. Immunity following infection is type-specific and probably limited. 4 No vaccine is available.
To study if attack rates of faecal-orally transmitted diseases in travellers are influenced by improvements in hygienic standards at travel destinations, we compared trends in vaccinepreventable hepatitis A and typhoid fever to trends in non-vaccine-preventable shigellosis. In addition, trends in attack rates of these three faecal-orally transmitted infections were compared with trends in markers for hygienic standards of the local population in developing regions. A case of travel-related hepatitis A is defined as serologic findings of anti-HAV-specific IgM antibodies and compatible symptoms in a person who has been in a developing country for 2-7 weeks preceding onset of illness. A case of travel-related typhoid fever is defined as cultureconfirmed or serological confirmed acute typhoid fever with compatible symptoms in a person who has been in a developing country for a 4-week period preceding the onset of illness. A case of travel-related shigellosis is defined as culture-confirmed shigellosis with compatible symptoms in a person who has been in a developing country during the week preceding the onset of illness. When the country of infection was uncertain, it was classified as unknown. If there was no history of travel outside the Netherlands, the infection was classified as domestically acquired. To calculate attack rates, data from the Continuous Holiday Survey carried out by the Dutch Tourist Board and NIPO Research for the period 1995 to 2006 served as denominators. 12 In that survey, travel data are collected four times a year from a random sample of approximately 6,000 Dutch respondents and weighted to represent the general Dutch population. Data refer to Dutch travellers who stayed in a developing area for at least four nights. These areas include all countries except those in Northern America and Europe, plus Israel, Australia, New-Zealand, and Japan. Countries were grouped into regions according to the classification of the United Nations Development Agency. 13 Central and South America were pooled together into 'Latin America'. Western, Middle, Eastern, and Southern Africa were pooled together into 'Sub-Saharan Africa'. Northern Africa and Western Asia, including Turkey, were pooled together into 'Arab region'. Eastern Asia, South-eastern Asia, and the Indian subcontinent were pooled together into 'Asia'.
Methods

Study Population
Hygienic Standards at the Travel Destination
The human development index (HDI), sanitation index (SI), and water source index (WSI) were used as markers for hygienic standards in local populations at the travel destinations. The HDI combines indicators of population health, educational attainment, and income (as measured by the Gross Domestic Product per capita). It is used as a standard index of social welfare and human development. The highest conceivable value is one. Country-specific HDI were available for 1995, 2000, and 2005 from the United Nations Development Programme Database (UNDP). 14 The SI estimates the proportion of the population having access to sanitary means of excreta disposal. It includes connection to a public sewer or septic system, pour-flush latrine, simple pit latrine, and ventilated improved pit latrine. The WSI estimates the proportion of the population having access to safe drinking water. Such access is defined as the availability of at least 20 L per person per day from a source within 1 km of the user's dwelling. It includes a household connection, a public standpipe, a borehole, a protected dug well, a protected spring, and rainwater collection. SI and WSI were available for 1995, 2000, and 2006 from the United Nations' Millennium Development Goals Indicators Database. 15 Indices range between 0 and 1. Region-specific indices were calculated by combining the countryspecific indices, which were weighted by the size of each country's population. 14 
Statistical Analysis
The crude annual attack rates per 100,000 Dutch travellers were calculated by dividing the number of travel-related cases by the estimated total number of travellers to a specific country or region. Trends in annual attack rates were assessed using the chi-square test for linear trend in Epi Info version 3.5.1 (CDC, Atlanta, GA, USA). Linear regression analysis was carried out in SPSS for Windows version 15.0 (SPSS Inc., Chicago, IL, USA) to evaluate region-specific correlations between annual attack rates and hygienic markers during the 12-year study period. Because data on HDI, SI, and WSI were available only for the years 1995, 2000, and 2005/2006, and the three data points suggest linear curves, linear interpolation was carried out between these three data points to obtain indices for the missing years. All statistical tests were two-tailed, and an effect with a p-value < 0.05 was considered to be significant.
Results
During the 12-year study period, 7,507 cases of hepatitis A, 416 cases of typhoid fever, and 4,000 cases of shigellosis were reported in the Netherlands. The country of exposure was known for 7,101 (94.6%), 408 (98.1%), and 3,876 (96.9%) cases, respectively. Of these, 2,036 (28.6%), 375 (91.9%), and 2,846 (71.2%) cases were most probably acquired in a developing country, respectively. Table 1 shows the characteristics of the hepatitis A, typhoid fever, and shigellosis cases in the study population. The male-female ratio was 1.15, 1.16, and 0.82, respectively; the median age was 10, 26, and 32 years. For hepatitis A and shigellosis, the predominant region of exposure was the Arab region; for typhoid fever this was Asia. For all three diseases, the absolute annual number of cases fluctuated, but on average they declined. Of typhoid fever cases with known reported vaccination status (n=344), 79 (23%) were vaccinated. Hygienic Standards at the Travel Destination Figure 1 shows the trends in HDI, SI, and WSI, respectively. Indices increased for all regions studied.
Characteristics of the Study Population
The HDI for all regions increased from 0.622 in 1995 to 0.679 in 2005 (+5.7%) (not shown in Figure 1 ). Egypt had the biggest increase: 9.5%. Sub-Saharan Africa had the smallest increase: 2.3%. During the study period, HDI levels for Latin America, Turkey, and Thailand/ Malaysia were the highest; HDI levels for Sub-Saharan Africa and South Asia were the lowest. The SI for all regions increased from 0.452 in 1995 to 0.539 in 2006 (+8.6%) (not shown in figure 1 ). Egypt had the biggest increase: 11.0%. Turkey had the smallest increase: 2.0%. During the study period, SI levels for Latin America, Turkey, and Thailand/ Malaysia were the highest; SI levels for Sub-Saharan Africa and South Asia were the lowest. The WSI for all regions increased from 0.751 in 1995 to 0.839 in 2006 (+8.9%) (not shown in figure 1 ). Eastern/ Southern Africa and Asia had the biggest increase (>10.5%). The Arab region, Egypt, and Thailand/ Malaysia had the smallest increase (< 2%). During the study period, WSI levels for Latin America, Turkey, Egypt, and Thailand/ Malaysia were the highest; WSI levels for Sub-Saharan Africa were the lowest. Table 3 shows the linear correlations between HDI and attack rates. For hepatitis A, typhoid fever, and shigellosis, the overall attack rates significantly decrease with the increase in HDI; the respective slopes were -2.89, -0.56, and -2.98 per 100,000 Dutch travellers, per 1% change in HDI (p < 0.0001) ( Table 3 ). The respective slopes for SI were -2.08, -0.42, and -2.17 (p < 0.0001), and for WSI -2.07, -0.40, and -2.13 (p < 0.0001). Destination-specific slope directions and accompanying p-values concerning the linear correlations between SI and attack rates, and WSI and attack rates are also comparable to those concerning the correlations between HDI and attack rates, and are therefore not shown. Destination-specific sub-analysis showed significant negative linear correlations between the three indices and all three infections for the Arab region, Turkey, and Egypt. For Asia, both the decline in typhoid fever and shigellosis were correlated with the increase in HDI, SI, and WSI. For Latin America, only the decline in shigellosis was correlated with the increase in HDI, SI, and WSI.
Attack Rates Among Travellers as Correlated with Hygienic Standards at the Travel Destination
For Sub-Saharan Africa, the Caribbean, Thailand/ Malaysia, and the Indian subcontinent, none of the three infections was significantly correlated with either HDI, SI, or WSI as attack rates and markers for hygienic standards of these regions did not change during the study period.
Discussion
This study shows that the decrease in attack rates of faecal-orally transmitted infections among travellers to developing countries can be attributed to improved hygienic standards at the travel destinations. We found that the trends in attack rates of non-vaccine-preventable shigellosis among Dutch travellers to developing countries between 1995 and 2006 resembled the trends in attack rates of vaccine-preventable hepatitis A and typhoid fever. Declining attack rates of faecalorally transmitted diseases among Dutch travellers to a developing country, correlated with improvements in socioeconomic, sanitary, and water supply conditions of the local population at travel destination. These findings suggest that improved hygiene at travel destination strongly contributed to the overall decline in attack rates of faecal-orally transmitted diseases among visiting travellers. They accord with the finding that many European travellers (58%) still travel without any protection against hepatitis A. 16 Region-specific analysis also showed that trends in attack rates of the three diseases correlated well: a decline for Latin America and the Arab region, including Turkey and Egypt, and stable trends for the Caribbean, Sub-Saharan Africa, Thailand/ Malaysia, and the Indian subcontinent. For Asia, rates for typhoid fever and shigellosis declined, whereas rates for hepatitis A remained stable. This finding may reflect the disproportionate impact of the Indian subcontinent, with stable trends, on trends for Asia overall: 75% of all Asian hepatitis A cases were contracted in the Indian subcontinent, compared to < 60% for shigellosis and typhoid fever (data not shown). The trends in attack rates we found for hepatitis A and typhoid fever correlate with findings in other studies. [5] [6] [7] One study on travel-related shigellosis, discusses only absolute attack rates; these correlate with the median rates we calculated. 17 The Dutch policy not to recommend typhoid fever vaccination for short-term travellers to Latin America, Eastern/ Southern Sub-Saharan Africa, Turkey, and Thailand/ Malaysia, appears to be justified, because median attack rates for these destinations were less than 0.2 per 100,000 travellers ( Table 2) , and vaccine-failure occurred in at least 21% of cases (Table 1 ). This study has some possible limitations. Although the three infections are comparable in their mode of transmission, they differ in ways that influence reporting. For example, the short incubation period for shigellosis (1-7 days) as opposed to hepatitis A (2-7 weeks) increases its chance of occurring abroad, decreasing its chance of being reported in the Netherlands. Also, the three diseases differ in degree of asymptomatic infection, patients' medical attention-seeking behaviour, and doctors' tendency to request laboratory confirmation. Hepatitis A virus infection in childhood is often asymptomatic, but occurs with varying severity of illness in adults. In typical shigellosis, stools contain blood and mucus, but may also present as watery diarrhoea or asymptomatic infection. Typhoid fever symptoms can likewise range from asymptomatic to severe. Susceptibility for the latter two increases in a setting of gastric achlorhydria or immunosuppression. These variations in disease severity undoubtedly influence the chance of being diagnosed, and thus the chance of being reported. However, there are no reasons to believe that the impact of these factors changed during the study period. Thus, they have led only to an underestimation of the annual attack rates, without affecting trends in attack rates.
Serology is not an accurate method for the diagnosis of typhoid fever, because of cross-reactivity. However, the proportion of serological confirmed cases was low (6.4%), and it did not change during the study period. Thus, trends in attack rates were not affected. In our study, the number of annually reported cases was put into perspective by using numbers of travellers as denominators. The latter are crude estimates. Country-specific data were used after classification into regions to render findings more robust. This source of imprecision has affected estimations for all three diseases in the same way and therefore is probably of limited importance in the comparison of trends. Another limitation is that neither the notification system nor the travellers' statistics provided information on travel characteristics, such as the purpose of travel, travel circumstances, travel duration, and preventive measures taken. There was likewise no information on age, gender, ethnicity, natural immunity, and vaccination status of the travellers used in the denominator. These factors may have affected our results if they changed during the study period. Valid data on such trends are not available. Data on hygienic standards at the travel destinations were obtained from the United Nations. They are crude, country-specific approximations and apply only to the local population. Jacobsen et al. already found that the HAV infection rate for a population is correlated with access to clean drinking water and HDI. 18 Studies at the local level have found an association between personal income and the quality of sanitation facilities and water source. 8 However, it is difficult to separate the effects of improved sanitation and water source from economic growth. Moreover, travellers differ from the local population at destination in terms of accommodation, hygiene, eating habits, and immunity to local pathogens. Nevertheless, we found a correlation between these markers for the local population and attack rates among travellers. Improvements in travellers' awareness and hygienic behaviour may also have contributed, but could not be assessed in this study. Proper evaluation of improvements is difficult, as available study designs and statistical strategies are limited to control for all potential biases. In conclusion, the decline in travel-related shigellosis despite the lack of preventive vaccination shows that the concurrent decline in travel-related hepatitis A and typhoid fever cannot be attributed solely to an increase in pre-travel vaccination. The burden of faecal-orally transmitted diseases among travellers to non-industrialized countries is correlated with the socioeconomic, sanitary, and water supply conditions of the local population at travel destination. This suggests that improving hygiene will lead to a decrease in the spread of faecal-orally transmitted infections from high to low endemic countries. To identify high-risk groups and provide improved preventive strategies for faecal-orally transmitted diseases, risk assessment must continue in a destination-specific way. Hygienic standards at popular travel destinations will probably continue to improve, and attack rates of faecal-orally transmitted diseases will further decline. Consequently, in the future, the risk of infection with hepatitis A and typhoid fever at some destinations will equal the risk of infection in developed countries, and vaccination of travellers to these destinations will no longer be necessary.
